Abstract-The Cauer-equivalent circuit of electric apparatuses is synthesized by applying the model order reduction (MOR) to their FE equations. The equivalent circuit is synthesized directly from the rational polynomial expression of the admittance function of an electric apparatus. Nonlinearity in the magnetic core of the electric apparatus can be modeled by the synthesized equivalent circuit, which is shown to accurately express the property of an inductor used in a DC-DC converter.
I. INTRODUCTION
Electric apparatuses such as inductor, transformers and motors are often expressed by means of equivalent circuits for their numerical simulations because of the simplicity. The conventional equivalent circuits, however, has severer limitations in (a) treatment of magnetic nonlinearity, (b) evaluation of eddy current and hysteresis losses, and (c) expression of frequency characteristics over a wide range.
Recently [1] , the Cauer-equivalent circuit of a steel sheet has been derived from analytical solution to the quasi-static Maxwell equations to overcome the above difficulties. This method can be, however, applied only to electric apparatus with simple geometry. Moreover, the authors have proposed synthesis of the Foster-equivalent circuit from the finite element equation of an electric apparatus based on model order reduction (MOR). This method can synthesize the equivalent circuits of electric apparatuses with complicated geometry and also accurately express wide-range frequency characteristic when there are no magnetic nonlinearity [2] .
In this study, we extend the latter method to consider nonlinearity in the magnetic core. The proposed method synthesizes the Cauer-equivalent circuit from the rational polynomials which are derived from the quasi-static Maxwell equations using MOR. We apply this method to synthesize the Cauer-equivalent circuit of an inductor in a DC-DC converter to evaluate the validity and performance of this method.
II. NUMERICAL RESULTS
We analyze the DC-DC converter shown in Fig. 2(a) . Using the present method, we synthesize the Cauer-equivalent circuit of the inductor model shown in Fig. 2(b) in which the magnetic core, 50A400, has nonlinear BH characteristic and coil conductivity is set to 5.76×10 7 S/m. The circuit parameters in the DC-DC converter, E, R 0 and C 0 , are set to 5.0V, 0.05Ω and 100μF, respectively. The driving frequency and duty factor are set to 1MHz and 0.9, respectively. Note here that eddy current can flow along the coil. The transient currents flowing through R 0 are shown in Fig. 3 where "linear" represents the result obtained assuming that the inductor is expressed by an RL circuit composed of the DC resistance and inductance of the coil. The inductance is here computed by linear magnetostatic analysis using FEM. We can see that the transient current obtained by the synthesized Cauer-equivalent circuit agrees well with that obtained by FE analysis. The magnetic saturation is introduced in L 1 of the equivalent circuit. Using the synthesized circuit, the eddy current and hysteresis losses can also be evaluated.
In the full paper, we will describe the algorithm to synthesize the Cauer-equivalent circuit using MOR in detail.
